Abstract -
I. INTRODUCTION
The European Union (EU) countries are developing HM where by means of computer modeling the information necessary for groundwater management is obtained to implement the aims laid down by the EU Water Framework Directive [1] for sustainable use of water resources. In Latvia, the LEGMC team prepares plans for surface and groundwater management of four cross-border river basin districts: those of the Venta, Lielupe, Daugava and Gauja rivers. In 2010 -2012 the HM LAMO was established by the scientists of RTU. The commercial program Groundwater Vistas (GV) was used for running LAMO [2] . The SURFER [3] and EXCEL [4] programs were applied to prepare the initial data for the GV system and to present the obtained results. In publications [5] - [9] novel methods and tools, used to establish LAMO, are considered.
In 2013 scientists of RTU using the results of LAMO prepared five reports [10] - [14] which were used by specialists of LEGMC for improving the management of groundwater bodies in the above mentioned four river basin districts of Latvia. The main items of the RTU reports are summarized in [15] .
In 2013 -2014 LAMO was considerably updated [16] , [17] and due to the innovations four successive versions of LAMO can be distinguished. The comparison of LAMO versions is presented in the Appendix, Table IA. In 2012 the first version, LAMO1, was established and the report [10] revealed the necessity for urgent improvements of the HM. In the first half of 2013 the following two upgrades were accomplished which converted LAMO1 into the LAMO2 version:
1. To avert unrealistic groundwater head distribution (shown for the profile 2W-2C in [10] ), within the 24-th thick united aquifer D2ar#, the one was split into its natural parts: the aquifers D2brt, D2ar and the aquitard D2arz ( Fig. 1 ) and the number of LAMO planes increased from 25 to 27; 2. River valleys were fully implemented into the HM body;
for LAMO1 the valleys were immersed only into the Quaternary strata. LAMO2 results were used to prepare the reports [11] - [14] . In 2014 LAMO 2 was turned into the LAMO3 version, due to the following upgrades:
1. The density of the hydrographical network of HM was increased (the number of rivers and lakes was changed from 199 to 469 and from 67 to 127, accordingly); 2. The transmissivity distribution for primary aquifers of HM were considerably refined [16] ; 3. To prepare the data for the hydrographical network special software was developed [17] . In 2014 the next LAMO4 version will appear because the following improvements of LAMO3 will be carried out:
1. The plane approximation step will be decreased from 500 meters to 250 meters; 2. To join the rivers of HM with its body more accurately, the measured flow of rivers will be accounted for; In the paper the versions of LAMO2 and LAMO3 are compared. Due to considerable amount of complex maps and tables these materials are assembled in the Appendix.
II. INCREASED DENSITY OF THE HM HYDROGRAPHICAL NETWORK
In Fig. 1a the "old" hydrographical network of LAMO2 and the "new" rivers and lakes included in the LAMO3 are shown. Evidently, in the LAMO3 the set of 469 rivers covers the land of Latvia much more evenly than the 199 rivers of the LAMO2. In LAMO3 sixty small lakes were added.
Hence the new rivers and lakes of LAMO3 are located mostly in the aquifer Q2, the groundwater flow regime of the Qsystem changed considerably (Appendix, (Fig. 1) . The links of lakes with the HM body were decreased by 500 times. The links of rivers with the HM body were only slightly adjusted in comparison with the ones of the LAMO2 version. The influence of the m = 0 areas of aquitards, thickness of which is  = 0.02 meter, was decreased by 10 times (for the D3akz and D3elz aquitards by 100 times) by increasing their conductivity.
The total infiltration slightly increased from 11 194 thous.m 3 /day to 12 763 thous.m 3 /day which was very close to the value of 13 000 thous.m 3 /day given in [18] . For the LAMO3, due to increased intensity of groundwater processes for the Qsystem, processes in the primary strata became slower. In Fig. 2A the distribution of groundwater flow and heads are shown for the primary aquifers of the LAMO2 and LAMO3 versions. Evidently, the LAMO3 discharge flow is smaller than the one of the LAMO2 version, but the head isoline pattern is similar in both versions. One can draw identical conclusions when observing Fig. 3a , where flow and heads of the D2ar aquifer of the LAMO2 and LAMO3 version are compared. In Fig. 2a and Fig. 3a simple color scales were applied, in order to distinguish the areas of discharge, transit and recharge flow. In Fig. 4a the LAMO3 infiltration flow for the primary and D2ar aquifers are shown where the full color scale for the infiltration flow was used.
In Fig. 5a the geological profile 4W-4E is shown for the LAMO2 and LAMO3 versions. For both HM versions the head isolines were drawn and one can conclude from comparing these profiles that the heads of the LAMO3 version are slightly lower (5 − 10 meters) than in the LAMO2. For the profile of LAMO3 the infiltration flow distribution picture was applied. In [8] the methods of creating profiles for the head and flow distributions (φ and q-maps) are explained. The isolines of heads and flow must be vertical, within aquifers and aquitards, accordingly. In Fig. 5a the SURFER color mode was used to show the flow distribution. The profile flow qmap assembles information (geological stratification, distributions of infiltration flows) carried by the vertical incision of the HM body. For example, the preQ and D2ar maps in Fig. 4a provide data, accordingly, for the top surface and the D3arz aquitard of the Fig. 5a profile. The flow profiles helped to find out and to correct some errors of HM, especially the ones related to joining rivers with the LAMO3 body.
III. COMPARISON OF GROUNDWATER FLOW BALANCE OF
THE LAMO2 AND LAMO3 VERSIONS For the LAMO2 and LAMO3 version the flow balance of Latvia is presented in the Appendix, Table IIA. The scheme in Fig. 6a provides the graphical interpretation for the LAMO3 flow balance difference for Latvia between LAMO2 and LAMO3 version is given and the scheme in Fig. 7a explains graphically the Table IIIA of the Appendix. To compare the flow balance for Latvia of LAMO2 and LAMO2 version, the scheme in Fig. 7a reflecting their difference ∆ = qLAMO3−qLAMO2 must be considered. The total local increase of LAMO3 is 3 564 thous.m 3 /day. It comprises four components (3 756 for rivers, 171 for lakes, 37 for wells, -400 for border). The well flow increase is formal, because in the D3pl aquifer the drainage system rate 37 thous.m 3 /day of the Riga HPS is added. The border flow decrease is considerable (936→536). The increase for the river flow for LAMO3 is caused mainly by the new rivers of the Qsystem (3295→6627). It is possible that for the next LAMO4 version the river flow should be decreased.
The considerable increase of the lake flow for the primary strata (2→112) can be explained as follows:  water reservoirs of the Riga, Kegums and Plavinu HPS are treated as lakes;  some lakes are fully or partly linked with the primary aquifers D3zg#, D3gj1, D2brt.
In Appendix, Table IVA the relative difference δ = 100 ∆ / qLAMO2 between the local balance of LAMO2 and LAMO3 is presented in the Appendix, Table IIIA and Table IIA (LAMO2) . The relative difference enables to ascertain changes of groundwater flow if compared with the LAMO2 flow. In the Appendix, Table IVA its content may be much larger than 100%. For example, for the lake the relative difference is ∞ if no lake is linked with the LAMO2 aquifer (qLAMO2 = 0). When considering the local balance of the D3gj1, D2brt and D2ar aquifers one can notice that their local inflow has decreased. For this reason the river and border flow there also is smaller. This decrease may be partly caused by nearly twofold reduced permeabilities of these aquifers (Table I) for the LAMO3 version.
IV. REFINEMENT OF TRANSMISSIVITY DISTRIBUTION OF AQUIFERS
For the GVsystem the transmissivity of aquifers is controlled by changing the permeability kmaps. The kmap represents the product:
where knorm and kmean are accordingly normalized and denote permeabilities of a geological stratum. It is explained in [15] how the data of well pumping were used to obtain kmaps for the LAMO3 version. Table I summarizes the results of this investigation:  for LAMO2 knorm = 1, because constant values of k are applied;  for LAMO3 knorm is variable and this feature partly causes considerable changes of the HM groundwater flow balance. To calibrate HM, "theoretical" value kmeant was replaced by kmeanc > kmeant, because kmeant corresponded to the minimal transmissivity of an aquifer. It is possible to exploit the well pumping data more punctiliously by accounting for the well partial penetrating factor [15] . 
V. CONCLUSION
In 2014 the LAMO2 version was converted into the more efficient LAMO3 version due to the appliance of denser hydrographical network of HM to the refined aquifer transmissivity distribution and to the use of special software tools. The groundwater flow balance of Latvia for both HM versions differs considerably, especially in the river flow. For the LAMO3 version, the total discharge rate of rivers is larger than the one for the LAMO2 version. The enlargement of the river flow is caused by the increase of the number of rivers simulated by HM. It is possible that the river flow enlargement must be reduced by decreasing the strength of the links that join the rivers with the HM body. More accurate links will be found for the next LAMO4 version when the measured flow in rivers will be accounted for and the HM plane step will be changed from 500 meters to 250 meters. Legend of stages a), b), c) for obtaining the flow of Table IIA Contents of Table IVA are relative difference δ = 100 ∆/qLAMO2 that are computed as division of Table IIA / Table IIA (LAMO2) Fig. 7a. Scheme of LAMO2 and LAMO3 groundwater flow difference balance for Table IIIa. 
